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SA-6 PREDICTED STANDARD TRAJECTORY AND DISPERSION ANALYSIS

By J. L. Crafts

e ABSTRACT
/ 3

This report presents the standard predicted trajectory for Saturn I
vehicle SA-6 to be flown over the Atlantic Missile Range., Dispersion
results from 2-0 perturbations and impact dispersion of the recoverable
camera capsules and launch escape system are also presented. The tra-
jectory shaping and a brief vehicle configuration description are
provided, A nominal trajectory will insert the S-IV stage and payload
into a near-circular orbit with a perigee and apogee of 183,1 km and
229.4 km, respectively, This orbit has a nominal lifetime of 4.8 days.
This trajectory is based on mass and propulsion data provided by P&VE
Laboratory. SA=-6 will be the first Block II vehicle to be flown with
closed loop guidance during the burn of the S-IV stage. This trajectory
assumes the Fischer Ellipsoid of 1960 as the reference ellipsoid..
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GEORGE C. MARSHALL SPACE FLIGHT CENTER

Technical Memorandum X-53031

SA-6 PREDICTED STANDARD TRAJECTORY AND DISPERSION ANALYSTS

By J. L. Crafts
(C) SUMMARY

The Saturn I vehicle SA-6 will be the second Block II vehicle to
be flown. The primary missions of the flight will be to test the S-I,
S-1V propulsion, structure, guidance and control systems, and separation
sequence. :

The pitch tilt program is biased to create an angle-of-attack of
approximately 4° during the high dynamic pressure region. The pitch
attitude command is preset in the first stage by means of a continu-
ously rotating cam device. Closed loop guidance will be implemented
in the second stage of this flight.

It is predicted that inboard engine cut-off will occur at 140.07
seconds after first motion, and outboard engine cut-off at 146.07 seconds
after first motion. The vehicle will be at an altitude of 70 km where
a single plane separation between the S-I and S-IV stages will occur.

The S-IV stage will ignite and burn continuously until approximately
627 .6 seconds after first motion, at which time the S-IV stage and pay-
load will be injected into an orbit having perigee and apogee altitudes
of 183.1 and 229.4 km,respectively.

A 2 gdispersion study generated around the nominal trajectory pro-
vides general performance behavior of the two live stages. These
dispersions result in a maximum lifetime of 5.1 days and a minimum
lifetime of 4.5 days (not considering prediction uncertainties).

The impact coordinates of the camera capsules for nominal and dis-
turbed first stage flight conditions are determined. The nominal
impact occurs at approximately 26.3 degrees north geodetic latitude and
72.8 degrees west longitude, which is 805 km downrange. Two-sigma
disturbances in the first stage performance result in a flight plane
impact range dispersion of # 30.5 km and a cross range impact dis-
persion of approximately * 6 km. An engine-out failure can shorten the
impact range by as much as 236 km.




Paraballoon deployment occurs at an altitude of 4.3 km. Under the
influence of a 20 wind, the capsules can deviate an additionmal 2.5 km.

The impact coordinates of the Launch Escape System for the nominal
and disturbed first stage flight conditions are given in Figure 9. The
nominal impact occurs at approximately 26.07 degrees north geodetic
latitude and 72.09 degrees west longitude, which is 881 km downrange.
The two sigma disturbances in the first stage performance result in a
flight plane impact range dispersion of + 30 km and a cross range impact
dispersion of approximately * 3 km.

(C) INTRODUCTION

The SA-6 vehicle consists of the S-I and S-IV live stages, an inter-
stage, an instrument unit, and a boilerplate configuration of the Apollo
spacecraft as a payload (see Figure 1).

The S-I stage propulsion system configuration is generally the same
as in Block I, but the LOX and fuel cell lengths have been extended to
provide an increased tankage capability. For the Block II tests the
H-1 engines in this stage are uprated to a nominal sea level thrust of
836,300 newtons (188,000 1bf) each. Aerodynamic stabilizing fins will
be mounted on the aft end of the first stage.

The S-1IV second stage is a liquid-hydrogen liquid-oxygen propulsion
system, generating thrust through six concentrically located RL-10A3
engines, each rated at 66,700 newtons (15,000 1bf) vacumm thrust. A
single plane separation mode will be employed. The instrument unit is
located just forward of the S-IV stage and aft of the payload. The
boilerplate Apollo configuration will be employed for this flight.

The SA-6 vehicle is scheduled to be launched in May from the
Atlantic Missile Range Facilities, Complex 37, Pad B. Prior to tilting,
the vehicle will execute a 15 degree roll maneuver so as to become
aligned with the 105 degree East of North flight azimuth. The boost
stage pitch tilt program is biased to create a 4 degree angle-of-attack
during the high dynamic pressure region. Closed loop guidance will be
implemented in the second stage for the first time. The second stage
steering equation and the associated coefficients are presented in
Table 16. The S-IV stage thrust will be terminated when space-fixed
velocity reaches 7805.95 m/sec.

Perturbations resulting from estimated 2 ¢ variations in mass,
specific impulse, flow rate, atmospheric parameters, wind, and second
stage propellant loading are applied to the standard trajectory flight
plane. The corresponding dispersions are root-sum-squared positively,
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negatively, and totally so that a reasonable performance envelope about
the predicted standard can be defined.

SA-6 will have 8 recoverable camera capsules mounted on the frustum
of the S-I/S-IV interstage to monitor the separation sequence and the
inside of two LOX tanks during flight. The camera capsules will be
ejected 25 seconds after separation at an angle of 20° to the S-I
center line with a velocity of 8 meters per second relative to the S-I
stage. Upon ejection, flaps on the aft end of the capsule will extend
for stability during re-entry. The capsules will follow a ballistic
path to an altitude of approximately 4.3 km where the flap assembly
will be ejected and paraballoons will be deployed. A schematic of the
capsule is given in Figure 5.

The dispersion caused by 2¢g perturbations and engine-out conditions
is shown in Figures 7 and 8 respectively.

The LES will be jettisoned 10.3 seconds after S-IV mainstage
ignition. One solid propellant engine with an impulse of 155,700 N-
sec will burn for approximately 1.3 seconds to pull the LES away from
the S-IV mainstage. The dispersion caused by 2¢ perturbations is pre-
sented in Figure 9.

(C) DESCRIPTION

The SA-6 trajectory is shaped to create a 4 degree angle-of-attack
during the period of highest dynamic pressure in order to evaluate con-
trol forces, fin loads, and establish stability ratios more accurately
than was possible on SA-5. 1In order not to exceed an angle-of-attack
limit of 5.5 degrees, a headwind limit of 27 m/sec must be enforced.

The probability of this limit not being exceeded in May or June is 99.8%
according to R-AERO-Y.

The standard flight profile is based upon nominal operation of all
vehicle and flight supporting components, with the exception of the
S$-1V stage propellant utilization system. 753.4 kg (1,661 1bm) of
ballast was removed from the payload assembly to assure that enough
propellant will be left in the S-IV stage to take care of any 2¢ dis-
turbance which might occur. The total propellant consumed during S-IV
mainstage and thrust buildup is 45,092 kg (99,411 1bm).

Prior to the programmed pitch tilting, the vehicle will execute a
roll maneuver from the 90 degree (East of North) lift-off azimuth to
the 105 degree flight azimuth. The nominal roll rate is 3 degrees/
second (Reference 2).
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The vehicle pitch program is referenced to a space-fixed vertical
defined at the instant of launch. Pitch tilting takes place about an
axis normal to a space-fixed plane containing the reference line and
the down-range direction at launch. The first stage pitch attitude
command presented in Table 15 is a function of time from lift-off and is
preset into the vehicle by a continuously rotating cam device. The
second stage will use closed loop guidance. The steering equation and
the associated coefficients are given in Table 16.

The launch date for SA-6 is during the month of May. This pitch

tilt program can be used through the month of September (low wind months).

A tilt arrest angle of 67 degrees is programmed at 134 seconds
after lift-off to ensure ample damping time for various sloshing and
transient motions in order to avoid premature cut-off and separation
sequencing.

After separation, tilt arrest is continued until 164.07 seconds
after lift-off, allowing ample time for the LES tower and ullage casings
to be jettisoned. Closed loop guidance is then implemented, directing
the S-IV stage along the optimum path to cut-off.

The complete powered flight tilt program is presented graphically
in Figure 2 and in detailed tabular form in Table 15. The nominal
powered flight profile is presented in Figure 3. A sequence of major
events is given in Table 1.

Introduction of estimated 2o magnitude perturbations to the first
and second stage trajectories provides the dispersion results presented
in Tables 7A through 14C. These perturbations and methods of appli-
cation are as follows.

First Stage Variations:

(1) Nominal Lift-Off Mass + 2268 kg (+ 5,000 1bm)

(2) + 1% Specific Impulse (applied as * 1% thrust)
(3) £ 1% Flow Rate

(4) =+ 20 Atmospheric Density Variation

(5) % 2gAmbient Pressure Variation

(6) + 2gFlight Plane Winds (Figure 4)

(7) 20Right and Left Cross Winds

The density and ambient pressure variations are of the form set forth
in Reference 3 and presented here:
o(1+80); Ap =43 ()
ar P(1 +AP); AP = +ya (e27)
where a = 100 (20case); b = 0.01842 km-l; y = altitude in km
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In all first stage variations, the S-IV stage is assumed to perform
nominally (as in the standard) after separation from the S-I stage.

Second Stage Variations:

(1) Nominal Lift-Off Mass + 136 kg (% 300 1bm)

(2) + .5% Specific Impulse (applied as * .5% thrust)
(3) =z .5% Flow Rate

(4) Nominal Propellant Loading * 453.6 kg (* 1,000 1bm)

The S-I stage is assumed to perform nominally, with only the S-IV pro-
pellant loading variation (* 20) reflecting back into the first stage
vehicle lift-off mass, Effect on S-I stage performance of the 136 kg
(300 1bm) S-IV dry mass variation was neglected.

The root-sum-squares of the variables are obtained in the following

manner:
f 2
+ VI(+AP)

Negative RSS = + JZ(-:&P)Z
RSS = Positive Rsz + Negative RSS

Positive RSS

Where AP = (variation value) - (standard value)

The recoverable camera capsule consists of an aluminum shell, the
camera, a quartz window, re-entry equipment, and recovery aids. The
quartz window is held in place by a stainless steel retainer ring.
O-rings prevent water leakage around the window after impact. Internal
capsule temperature is maintained at an acceptable level by an inner
lining of light weight insulating material. Teflon seals isolate the
quartz window, The capsule shell is waterproofed to withstand salt
water immersion.

The capsule is 7.75 inches in diameter and has a mass of approxi-
mately 25.4 kg (56 1bm).

The LES is approximately 25.9 inches in diameter and has a mass
of approximately 2,992 kg. It is jettisomed 10.3 seconds after S-IV
mainstage ignition by one solid propellant engine: . 1It. is canted
2.5° with the vehicle centerline, but its nozzles are canted in such
a way to cause the .155,700 N-sec impulse to act parallel to the
centerline.



(C) RESULTS

The predicted standard powered flight trajectory terminates with
the unseparated spent S-IV stage and payload being inserted into an
orbit having the following elements:

Altitude of Perigee 183.12 km

Altitude of Apogee 229.36 km

Semi-Major Axis 6,579.24 km

Eccentricity .0035

Inclination 31.77 deg

Longitude of Ascending Node 158.89 deg

Argument of Perigee 99.96 deg

Period 88.5 min

Time of Apogee 43.9 min from lift-off

The nominal lifetime in orbit as given by R-AERO-FO is 4.8 days.

A detailed presentation of the predicted trajectory parameters is
presented in Tables 2A through 6C. The trajectory with significant
time points denoted is presented in five sections. They are: (1) S-I
stage boost flight; (2) S-1IV stage ullage rocket operation after
separation but prior to mainstage ignition; (3) S-IV mainstage
operation; (4) S-I stage retro-rocket operation after separation;
and (5) S-I stage ballistic flight to impact.

The dispersion results are presented in Tables 7A through 14C to
categorize for this specific mission the performance behavior of the
two live stages of the Saturn I vehicle.

The camera capsule impacts due to 2 g perturbations in the first
stage are given in Figure 7. These result in a flight plane dispersion
of * 30.5 km and a cross range dispersion of approximately * 6 km. An
engine-out failure can shorten the impact range by as much as 236 km.
These data are presented in Figure 8. Under the influence of a 20
wind, the capsule can deviate approximately 2.5 km after parabaloon
deployment. Velocity increment at ejection and the possible deviation
after paraballoon deployment can cause a lateral displacement around
each of the impact points of approximately + 4.7 km. The capsule from
the nominal trajectory will impact at 26.3177 degrees north geodetic
latitude and 72.8072 degrees west longitude. This point is 805 km
downrange. These predicted impact points were derived in a similar
manner to those on SA-5. Seven out of eight capsules on SA-5 were
recovered in an area centered 915 km downrange from the launch site,

22 km beyond the planned impact point. The pattern was displaced 13 km
northward from the flight line but had drifted within 3,7 km at the time
of recovery.
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The LES impacts due to 2¢ perturbations in the first stage are
given in Figure 9. These result in a flight plane dispersion of
approximately * 30 km and a cross range dispersion of approximately
+ 3 km. The impact coordinates from the nominal trajectory are 26.07
deg north geodetic latitude and 72.09 degrees west longitude and 881
km downrange.
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FIRST STAGE PITCH TILT PROGRAM FOR SATURN I VEHICLE SA-6

TABLE 15

Flight
Time X
(sec) (deg)*
0 0
1 0
2 0
3 0
4 0
5 0
6 0
7 0
8 0
9 0
10 0
11 0
12 0
13 0
14 0
15 0
16 48
17 1.09
18 1.74
19 2.39
20 3.27
21 4.15
22 4.99
23 5.69
24 6.39
25 7.19
26 7.99
27 8.87
28 9.75
29 10.71
30 11.66
31 12.69
32 13.72
33 14.82
34 15.92
35 17.08
36 18.23

Flight
Time
(sec)

37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73

19

20

21

23

24

25

26
26
27
27

28
28
29
29
29

30
30
31
31
31
32

33

X
(deg)*

A
20.

30

.88
21.

35

.82
22.
22.

15
60

.05
23.
.00
24,
24,
25.
.55
25.
26.
.55
.99
.40
.82
28.

55
45
85
10

95
15

23

.64
.96
.29
.56
.84
30.
.37
30.

10

62

.87
31.
.35
.57
.80
.33
32.
.53

11

86

Flight

Time
(sec)

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
110

X

(deg)*

34.
.85

34

35.
36.
36.
37.
.04

38

38.
39.
.86
.45
41.
41.
42,
.94
.68
44 .
45,
.83
.51
47.
.84
49
49.
.75
50.
50.
A4
.94
52.
.92
53.
91
.40
.90
.39
.88

39
40

42
43

45
46

47
48

49

51
51

52

53
54
54
55
55

20
51
15
79
42
65
26

03
61
28

41
12

19

12

35

95

43

42

Flight

Time X
(sec) (deg)*
111 56.38
112 56.87
113 57.36
114 57.86
115 58.35
116 58.84
117 59.34
118 59.83
119 60.32
120 60.82
121 61.31
122 61.80
123 62.30
124 62.79
125 63.28
126 63.78
127 64,27
128 64.76
129 65.26
130 65.75
131 66.17
132 66 .60
133 66.85
134 67.00
CHI ARREST

*Measured space-fixed from launch vertical (Reference 10).



TABLE 16

SECOND STAGE STEERING EQUATION *

Xp = AL+ Ayx + A3y + A4:'¢ + A55r + A6 % + A7T + Asxy + Agz'{y + A10>'<2
+ A .xy + A yY + A yE+A (£)2+A XT + A T2+A x3+A xy2
11 12 137 @ ARG 15 16 17 18
+ A19y>'<2 + A20y2 % + A21y>'< % + Azzxy g + A23>'<}°7 % + A245’(§)2 + A25x2T
+ A26y2T + A27y}'(T + A28)'<}"T + A29}'< E T + Aso(g)zT + A31xT2 + A32}'<T2
+ AT
VARIABLE COEFFICIENT VARIABLE COEFFICIENT
Al -.38819016 x 10%2 AL .23911714 x 10710
Aé .36608441 X 107> Al -.28013517 x 1071
Ay -.50399775 X 107> Ay .58251509 x 10™'t
A, -.65673288 X 10™* Ay, -.66542957 X 107°
Ag .78848666 X 1071 Ay, -.26290587 X 107°
A .78960371 x 10 Ay -.10951379 X 107°
A, .96218603 X 10° Ay, .22721801 x 107%
Ag .49583253 X 107 Ay .90608805 X 1073
A .19192036 x 107° Ay -.13793533 x 10712
Alo .10608304 X 107* A, -.14992977 X 1077
Alq -.71545723 x 107/ Ayg .79442788 X 1078
AL, .15238895 X 1070 Ayq ~.15858595 X 107>
A, .36148663 X 107" Asg .28478054 X 1073
Al -.55735608 X 1071 Ay .33341993 X 107>
AL -.18185596 X 107> Ay, .19609307 X 107°
AL -.13521339 X 1072 Ags .25250709 X 107°
AL, -.10493679 X 10717

The S-IV stage thrust will be terminated when space-fixed velocity
reaches 7805.95 m/sec.

*References 8 and 9
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FIG. 4. ANNUAL FLIGHT PLANE WIND PROFILE
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GEORGE C. MARSHALL SPACE FLIGHT CENTER

C voar intervals; HUNTSVILLE, ALABAMA
WLer 12 years

gum
TO Distribution DATE May 5, 1964
R-AERO-FM-4-64
FROM Chief, Flight Mechanics Branch
R-AERO-FM

SUBJECT Addendum to Technical Memorandum X-53031, "SA-6 Predicted Standard
Trajectory and Dispersion Analysis,' April 6, 1964, (C)

REFERENCES (a) R-P&VE-VAW-64-56, "Final Mass Characteristics of the Saturm I,
SA-6 Vehicle," April 21, 1964, (C)
(b) R-AERO-AD-64-45, "Static Stability and Drag Characteristics
for the Saturn I, Block II (SA-6 and SA-7)," April 10, 1964,
Q)]

1. The purpose of this memorandum is to present a revised predicted tra-
jectory for SA-6. In order to better evaluate vehicle systems, it has been
agreed to publish revised trajectory data which reflect any changes of impor-
tance to flight evaluation. This revision is due to revised aerodynamic data

presented in reference (b). The unusual trends in these data at high Mach

numbers (M > 5) are due to laminar separation on the launch escape system and
reattachment on the command module. Small changes below M = 5 were due to the
removal of the separator from the LES. The mass characteristics, as given
in reference (a), were used for this trajectory.

2. The changes referred to in paragraph 1 result in a velocity increase
of approximately 25 m/sec at S-I cut-off signal. The velocity increase occurs
after the vehicle passes through the high dynamic pressure region. The S-IV
stage will cut off approximately 1.8 seconds sooner than predicted in NASA TM
X-53031, due to the velocity increase of the S-I stage.

3. The results given in paragraph 2 are not significant so far as per-
formance or guidance and control are concerned. The tilt program and guidance
polynomial remain the same as given in NASA TM X-53031. There is no signifi-
cant difference in the insertion altitude and path angle, even though the time
is approximately 1.8 seconds earlier. The orbital elements are as follows:

Altitude of Perigee 182.15 km
Altitude of Apogee 229.90 km
Semi-Major Axis 6,579.03 km
Eccentricity .0036
Inclination 31.76 deg
Longitude of Ascending Node , 158.90 deg
Argument’of Perigee 96.61 deg
Period 88.51 min
MSFC - Form 488 (August 1960) lslggARATE ICTLARCITIFD WHEN

NCLOSURE(S)



Subject: Addendum to Technical Memorandum X-53031, May 5, 1964

"SA-6 Predicted Standard Trajectory and
Dispersion Analysis," April 6, 1964, (C)

4. A detailed presentation of the predicted trajectory parameters is
given in Tables 1A through 5C. The trajectory, with significant time points
denoted, 1s presented in five sections, They are (1) S-I stage boost flight;
(2) S-1V stage ullage rocket operation after separation but prior to main-
stage ignition; (3) S-IV mainstage operation; (4) S-I stage retro-rocket
operation after separation; and (5) S-I stage ballistic flight to impact.

5. The nominal booster impact point is geodetic latitude (N)
26.2535°, longitude (W) 72.6068°. This effectively shifts the dispersion
ellipses involving booster, cameras, and LES down range by approximately
21 km. The change in the turning rates is less than 17 and the probability
analysis as given in Range Safety Data Report #2-64 has not changed.

Zloyd 0. Stone

APPROVED:

Chief, Fl1f Eval & Opns Studies Division

o

vl \ ~[§(«ﬁ4/1 s
’ E. D./Geissler
Director, Aero-jAgtrodynamics Laboratory

10 Enc:
Tables 2A btough 6B

FEZABED U.C) A% T51-D) WHE
SEPARATED FROZ] 1 ICLOS UfiE(g)
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R~-AERO-FM, Mr. Hardage
R-AERO-FM, Mr. Sullivan
R-AERO-FM, Mr. McNiel
R-AERO-FM, Mr. Leonard (5)

R-AERO-FM, Mr. Crafts (5)
" R=-AERO-G, Dr. Hoelker
R~-AERO-P, Mr. McNair
R-AERO-P, Mr. Teague (7)
R~-AERO-T, Mr. Reed
R-AERO-T, Mr. Cummings
R-AERO-Y, Mr. Vaughan
R-COMP-DIR, Dr. Hoelzer
R-TEST-DIR, Mr. Heimburg
R-ME-DIR, Mr. Kuers
MS-IP

MS-IPL (8)

HME-P

R-ASTR-DIR, Dr. Haeussermann

R-ASTR-I, Mr. Hoberg
R-ASTR-F, Mr. Blackstone
R-ASTR-R, Mr. Taylor
R-ASTR-FO, Mr. Mink

R-ASTR-G, Mr. Mandel
R-ASTR-NGI, Mr. Blanton
R-ASTR-F, Mr. Hosenthien
R-ASTR-N, Mr. Moore
R-ASTR-M, Mr. Boehm
R-ASTR-TJ, Mr. Brandner
R-ASTR-E, Mr. Fichtner
R-ASTR-S, Mr. Seltzer
R-P&VE-DIR, Mr. Cline
R-P&VE-DIR, Mr. Hellebrand
R-P&VE-P, Mr. Paul
R-P&VE-AVA, Mr. Denton
R-P&VE-VS, Mr. Schulze
R-P&VE-S, Mr. Kroll
R-P&VE-SL, Mr. Showers
R-P&VE-S, Mr. Hunt
R-P&VE~-PTD, Mr. Hastings
R-P&VE-V, Mr. Palaoro (2)
R-QUAL-DIR, Mr. Grau
R-QUAL-PSI, Mr. Vedane
K-V, Dr. Gruene

K-EF3, Mr. Hershey

K-VT, Mr. Moser

K-VG3, Mr. Chambers
K-EF4, Mr. Varnadoe
K-VE, Mr. Davidson
K-VG4, Mr. Jenke

K-VG4, Mr. Whiteside
K-VE, Mr. Williams

K-VM, Mr. Pickett

K-DIR, Dr. Debus

K-T, Dr. Knothe

K-EP, Mr. White

K-ED, Dr. Bruns

K-SF, Mr. Moore

K-ED4, Mr. Jelen

K-E, Mr. Sendler

Scientific and Technical Information
Facility (25)

ATTN: NASA Representative (S-AK/RKT)

P. 0. Box 5700

Bethesda, Maryland
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